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Abstract 
Wellbore stability decides the success or failure and the cost of oil or gas drilling. It is more complicated for gas 
hydrate bearing sediments (HBS) because of the special properties of gas hydrates. Considering the key influence 
factors of wellbore stability, such as heat conduction and convection, hydrates decomposition, the variation of 
physical and mechanical parameters, and the coupling effect among them, the mathematical model of wellbore 
stability for HBS was established. The finite element solution was obtained. Taking a hydrate formation of Gulf of 
Mexico as an example, the influence of drilling fluid temperature on hydrates decomposition, formation mechanical 
properties and wellbore stability was studied. Analysis shows that formation mechanics properties become worse 
sharply with the thermal decomposition of hydrates, and this easily results in the instability of the formation. 
Choosing low temperature drilling fluid can do help to wellbore stability of HBS, and to realize safe drilling. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Gas hydrates are solid crystalline compounds formed by gas molecules with water under low
temperature and high pressure conditions. In nature gas hydrates are found in deepwater settings at 
relatively shallow depths below the seafloor and in permafrost regions. The amount of hydrocarbons 
residing in hydrate deposits is estimated to exceed all known conventional oil and gas resources [1-2].  
Apart from the great energy potential of gas hydrates, they can cause some serious security problems in 
deepwater drilling. When the hydrate bearing sediments (HBS) are drilled through, the change in 
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temperature and pressure may destabilize the hydrates. Hydrates dissociation in the formation can lead to 
drilling fluid gasified, subsidence, formation mechanical properties worsened, wellbore collapse, and 
even blowouts. Ultimately this will pose significant hazards to drilling operations. Hence the studies of 
wellbore stability of HBS should be emphasized for safe deep water drilling. 
Some models have been developed to investigate wellbore stability of HBS. Birchwood et al. [3] 
modelled wellbore stability using semi-analytical model and mechanical properties of THF hydrate 
bearing sediments which had cohesion hardening. Uncoupled with this model they constructed a thermal 
simulator that investigated the effect of rate of circulation of the drilling fluid on the sediments 
temperature and hence the stability of the HBS. Kimoto et al. [4] proposed a chemo-thermo-mechanical 
finite element model to investigate the geomechanical effects of hydrate dissociation without considering 
the effect of convection in the energy conservation equation. Freij-Ayoub R et al. [5] proposed a wellbore 
stability model for HBS. The model coupled the thermodynamic stability of the hydrates in porous media 
to fluid and thermal transport and to mechanical deformation. The fluid flow was assumed as a single-
phase Darcy flow model. The change of permeability with hydrates dissociation and the effect 
dissociation to system temperature were not considered. Khurshid I et al. [6] analyzed the stability of 
wellbore in HBS using the Particle Flow Code 3D (PFC-3D). They modelled the formation and hydrate 
particles in PFC-3D as balls and boundaries were expressed as the wall. However, the porous media was 
not considered.  
In this paper, a gas-water two-phase non-isothermal fluid-solid coupling model was established and a 
corresponding finite element program was developed. The model considers the effect of heat conduction 
and convection on hydrate dissociation and formation mechanics properties. The variation of the physical 
and mechanical parameters due to gas hydrate decomposition and the interaction between porous fluid 
flow and rock deformation is mainly considered so as to analyze the wellbore stability problems of 
hydrate bearing sediments comprehensively. 
2. Governing equations of the fluid-solid coupling model 
2.1.  Kinetics of hydrate decomposition   
In this study, the kinetic model of Kim et al. [7] is used to simulate the hydrate dissociation process.  
 
( )g rd g dec e gm K M A f f   (1) 
Where, mg is the local mass rate of gas generation per unit volume of porous media. Adec is the specific 
hydrate decomposition surface area in the porous media. Mg is the molar mass of methane gas. fe and fg 
are the fugacities of methane gas at equilibrium pressure (Pe) and gas phase pressure (Pg), respectively. 




      (2) 
Where, Kd0 is the temperature independent intrinsic rate constant for hydrate dissociation, ΔE is the 
activation energy, R is the universal gas constant, and T is the temperature. Values of ΔE = 77 330 J/mol 
and Kd0= 8.06 kmol/Pa/s/m2 for methane hydrate were suggested by Clarke and Bishnoi [8]. 
2.2. Porous Fluid Flow equations coupled rock deformation   
Fluid flow resulting from the dissociating hydrate in porous media is modelled as a three phase (gas, 
liquid and hydrate), two component (liquid and hydrate) flow system. Only gas and liquid (water) are 
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flowing phases; hydrate is a solid and non-mobile phase. On the basis of mass balance and Darcy’s law, 
the gas-water two-phase fluid-solid coupling equations are written as (based on per unit volume):  
 
      g g rg g g g g g s g g
g
S K
K P g S v m q
t
   
            
   (3) 
      w w rw w w w w w s w w
w
S K K P g S v m q
t
   
           
   (4) 
The transport equations governing hydrate dissociation is given by 
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Where Pg, Pw are, respectively the pressure of gas and water. ρg, ρw, ρH are, respectively, the density of 
gas, water and hydrate. Krg and Krw are the relative permeability to gas and water respectively. μw and μg 
(m/sec) are the viscosity of dissociated water and gas. Sg, Sw, and SH are, respectively, the saturation of 
gas, water, and hydrate phases. qg, qw are, respectively, injection (positive) or production (negative) rate 
for gas and water. mg  and mw are the sources in terms of hydrate decomposition. g  is the gravity 
acceleration. sv
  is the velocity of the rock skeleton deformation. [K] is the tensor permeability. 
2.3. Energy balance equation   
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Where T is the temperature, C is the heat capacity, U is the internal energy, and h is the enthalpy. Qin is 
the heat from the cap-or base-rock. vg and vw are, respective, the flow velocity of gas and water through 
porous medium. Subscripts r, H, w and g, respectively, indicate rock, hydrate, water, and gas. Here, Kc is 
the effective thermal conductivity and is defined as 
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Where, Kr, KH, Kg and Kw are, respectively, the thermal conductivity of rock, hydrate, gas and water.  
In Eq. (6), QH is the heat of hydrate decomposition, and Masuda et al. [9] have suggested the following 
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Where parameters c = 56599 J/mol and d =−16.744 J/mol·K for methane hydrate taken from Kamath 
and Holder[10]. 
2.4.  Geomechanics equations    
The stress equilibrium equation based on the effective stress law can be written as: 
  0, ,f Pij j i ij j      (9) 
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Where σij is the total stress tensor, fi is the body force, P is the pore fluid pressure, α is a factor 
describing the form of fluid-solid coupling, δij is the Kronecker delta tensor. 
When assuming incompressible solid grain and small strain, the solid strain tensor is given by 
 1 , ,2 u uij i j j i     (10) 
Where εij is the solid strain tensor, u is the displacement of the solid. 
The Drucker-Prager yield criterion is used to represent rock failure, which is elasto-plastic model, as 
follows: 
d dDij ijkl kl     (11) 
Where dσij is the increment of the effective stress tensor, Dijkl is elasto-plastic matrix, dεkl is the 
increment of the strain tensor.  
Combing the above kinetics equation of hydrate decomposition, energy balance equation, porous fluid 
flow equations and geomechanics equations, with the additional constraint equations and the initial and 
boundary conditions, the gas-water two-phase non-isothermal fluid-solid coupling model is established. 
The model is comprehensive and can better study the wellbore stability for HBS. 
3. simulation and discussion of wellbore stability  
These governing equations are coupled non-linear partial differential equations which cannot be solved 
analytically. To solve them, a fluid-solid finite element simulator is developed, with which we research 
the wellbore stability of HBS affected by drilling fluid. Usually, during drilling in HBS the drilling fluid 
pressure must be kept equal or above the pore pressure of the formation. So the drilling temperature 
becomes the important factor that influent hydrates decomposition and wellbore stability. Thus the 
temperature of drilling fluid is mainly studied. 
3.1. Model parameters and boundary conditions 
A gas hydrate bearing sediment at the Gulf of Mexico [11] with a drilling wellbore is considered. To 
simplify the problem, we use two-dimensional model considering the symmetry of the sediment. Fig.1 
shows the mechanical model for hydrates sediment with a borehole.  
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Fig.1 Schematic diagram of the mechanical model                             Fig.2 The distribution of hydrates saturation with ΔT 
The boundary conditions of the pressure and temperature field are listed as follows: Boundary line BC and 
CD keep constant pressure and temperature boundary, Line AB and DE keep free boundary, curve AE keeps 
the value of the bottomhole drilling fluid pressure and temperature. 
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The boundary conditions of the displacement field are listed as follows: The maximum effective 
horizontal in-situ stress (σH) is applied on line BC, and the minimum effective horizontal in-situ stress (σh) 
is applied on line CD. The displacement of line AB along Y-axis is zero, and the displacement of line DE 
along X-axis is zero. Curve AE keeps the value of the effective fluid column pressure (Pe). 
The hydrate model parameters and the in situ stresses are listed in Table 1, and homogeneous 
properties are assumed in the hydrate bearing sediment. 
Table 1. Model geometry and physical parameters 
Parameters Value Parameters Value 
Reservoir radius 10 m Density of hydrate 910 kg/m3 
Borehole radius 0.15 m Density of rock 2200 kg/m3 
Sediment porosity 0.4 Methane hydration number 6.0 
Permeability before hydrate formation 0.2 μm2 Specific surface area 3.0×105 m-1 
Hydrate saturation 0.5 Thermal conductivity of rock 1.5 W/m/K 
Water saturation 0.4 Thermal conductivity of hydrate 0.393 W/m/K 
In situ pore pressure 16.9 MPa Thermal conductivity of water 0.60 W/m/K 
Vertical stress 21.8 MPa Thermal conductivity of methane 0.00335 W/m/K 
The maximum horizontal in-situ stress 20.45 MPa Specific heat capacity of rock 800 J/kg/K 
The minimum horizontal in-situ stress 19.70 MPa Specific heat capacity of hydrate 1600 J/kg/K 
Formation temperature 288 K Specific heat capacity of water 4200 J/kg/K 
Elastic modulus of sediment 6375 MPa Specific heat capacity of methane 2093 J/kg/K 
Poison’s ratio 0.40 Viscosity of water 1.0 mPa.s 
Cohesion 2.0 MPa Viscosity of methane 0.0105 mPa.s 
3.2. The influence of drilling fluid temperature on wellbore stability for HBS 
Taking the condition of balance pressure drilling and the hydrate sediment being opened 1 hour later, 
we simulate the status of hydrates decomposition, the variation of formation mechanical properties, and 
wellbore stability, which is caused by the deference in temperature (ΔT) between drilling fluid and the 
formation. With the higher temperature of drilling fluid, the zone of hydrates dissociation around 
wellbore becomes bigger, shown as Fig. 2. Accordingly, the formation mechanical properties get 
reduction. For example, the elastic modulus reduces from initial 6375 MPa to 4520 MPa or so, and the 
cohesion reduces from initial 2 MPa down to 1.5 MPa after hydrates decomposition. Here, the yield index 
is defined for characterization of the wellbore yield instability. When the yield index is equal to the value 
of 1.0, the formation is stable. While if the yield index below 1.0, the formation is considered as 
instability. Fig.3 shows the changes of yield indexes with ΔT. Following the higher temperature of the 
drilling fluid, the larger yield zone of the formation becomes. Fig.4 shows the yield instability region of 
less than 0.5m near borehole when ΔT is 7K. The range of yield area in the direction of σh is the largest 
due to the focus of stress in this direction with the heterogeneity of in-situ stress. Adding the reduction of 
formation strength, this region is the preferred position of mechanically instability of the wellbore. 
When 1 m3 solid hydrates totally dissociate, they can liberate 170 m3 gas. As these numerous gas 
influxes into wellbore, drilling fluid gets gasified, and the pressure to support wellbore mechanically will 
reduce, which may lead to borehole collapse. The decrease in pressure can facilitate the hydrates 
dissociation further. If this is not controlled immediately, the vicious spiral may occur. The hydrates 
dissociation also weakens their cementation effect on rock particles, which make wellbore instability 
more likely.  
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Fig.3 The distribution of yield indexes                                            Fig.4 The distribution of instability zone near  
wellbore at ΔT=10K (The blue region is yield zone) 
4. Conclusions 
(1) During the deepwater drilling in HBS, the influence of drilling fluid on wellbore stability is a 
complicated physical and chemical process with multiple variables. The coupling method should be used 
to establish the wellbore stability model of the problem. 
(2) With the higher temperature of drilling fluid, the region of hydrates decomposition is accordingly 
larger, the formation strength reduces and yield instability can easily take place. The position of σh 
direction around wellbore is the most dangerous area, which occurs instability most likely. Optimizing the 
good low temperature drilling fluid can benefit to wellbore stability of HBS. 
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